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(54) SEPARATOR FOR FUEL CELL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a separator for 
fuel cell which mainly uses a metal plate with small 
contact resistance to an electrode, has excellent erosion 
resistant property, and can be manufactured at relatively 
low cost. 

SOLUTION: The separator for fuel cell is formed by 
burying a conductive filler into a synthetic resin layer of 
a metal lamination body, which is formed by coating the 
synthetic resin layer including electricity conducting 
agent at least on one surface of a metal base plate. 
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JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 
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CLAIMS 



[ClaimCs)] 

[Claim 1]A separator for fuel cells which covers a synthetic resin layer which mixed a conducting 
agent at least on one side of a metal substrate, and is further absorbed in a conductive filler 
under the surface of a synthetic resin layer. 

[Claim 2]The separator for fuel cells according to claim 1, wherein a volume resistance value of 
said conductive filler is below 0.5-ohmcm. 




[Claim 3]The separator for fuel cells according to claim 1 or 2 characterized by coming to 
choose said conductive filler out of carbon, metallic carbide, a metallic oxide, metal nitride, metal 
powder, and a metal fiber. 

[Claim 4]A separator for fuel cells of claim 1 thru/or 3 characterized by coming to choose said 
metal substrate out of stainless steel, titanium, aluminum, copper, nickel, and steel given in any 1 
paragraph. 

[Claim 5]A separator for fuel cells of claim 1 thru/or 4 given in any 1 paragraph characterized by 
coming to choose said conducting agent out of carbon, metallic carbide, a metallic oxide, metal 
nitride, metal powder, and a metal fiber. 

[Claim 6]A separator for fuel cells of claim 1 thru/or 5, wherein said synthetic resin layer 

consists of a fluoro-resin or fluorocarbon rubber given in any 1 paragraph. 

[Claim 7]A plastic sheet which mixed a conducting agent is laid at least in one side of a metal 

substrate, A manufacturing method of a separator for fuel cells by which carrying out laminate 

integration of a metal substrate and the plastic sheet by a heat pressing method, and also laying 

a conductive filler on it, and a conductive filler being again absorbed by a heat pressing method 

subsequently. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the separator for fuel cells, and it is provided 
between the single cells which adjoin in the fuel cell which carries out the plural laminates of the 
single cell, and constitutes it in detail, A fuel gas flow route and an oxidizing gas passage are 
formed between electrodes, and it is a separator for fuel cells for separating fuel gas and 
oxidizing gas, and is related with the separator for fuel cells excellent in especially a moldability, 
intensity, and corrosion resistance. 
[0002] 

[Description of the Prior Art]The separator which constitutes a fuel cell, especially a polymer 
electrolyte fuel cell contacts each electrode which pinches a solid-electrolyte membrane from 
both sides, is arranged, and forms distributed gas passages, such as fuel gas and oxidant gas, 
between these electrodes. 

The thing excellent in the collecting performance which contacts an electrode and derives 
current is required. 

[0003]Generally as a separator for fuel cells, it comprises metallic materials, such as precise 
carbon graphite carbon excellent in intensity and conductivity, stainless steel (SUS), titanium, 
aluminum. 
[0004] 

[Problem(s) to be Solved by the Invention]Usually, many heights for forming a gas passageway, a 



slot, etc. are formed in the field which counters the electrode of the above-mentioned separator. 
Therefore, although high collecting performance is maintained also by prolonged use highly 
[ electrical conductivity ] in the separator which comprises above-mentioned precise carbon 
graphite, Since it is a very weak material, while it is not easy to machine cutting etc. that many 
heights and slots should be formed in the surface of a separator and process cost becomes high, 
there is a problem that mass production is difficult. 

[0005]On the other hand, in the separator which comprises an above-mentioned metallic 
material, since it excels in intensity and ductility as compared with precise carbon graphite, and 
press working of sheet metal is possible for formation of many heights for forming a gas 
passageway, a slot, etc., there is an advantage that process cost is low and easy also for mass 
production. However, under the operating environment of a separator, the oxide film by corrosion 
is generated by the surface, and I am [ such a metallic material ] easy, and the contact 
resistance of the oxide film and electrode which were generated becomes large, and it has the 
problem of reducing the collecting performance of a separator. 

[0006]then, the separator which consists of a metallic material excellent in processability — 
public funds — the material which coated the surface of the group board with noble metal 
materials, such as gold excellent in corrosion resistance, is examined. However, since such a 
material is very expensive, there is a problem that flexibility is missing. 

[0007]The material which covered the resin layer which mixed the conducting agent at least on 
one side of the above-mentioned metal substrate is examined. However, when the resin layer 
which mixed the conducting agent is usually covered, there is a problem that the contact 
resistance of a resin layer and an electrode becomes large. 

[0008]This invention is what solved the above-mentioned problem, and even if it covers the resin 
layer which mixed the conducting agent, its contact resistance with an electrode is small, is 
excellent in corrosion resistance, and it provides the separator for fuel cells which made the 
subject the metal substrate comparatively producible by low cost. 
[0009] 

[Means for Solving the Problem]A place which this invention finds out a separator for fuel cells 
which can cancel an above-mentioned problem, and is made into the gist covers a synthetic 
resin layer which mixed a conducting agent at least on one side of a metal substrate, and is in a 
separator for fuel cells further absorbed in a conductive filler under the surface of a synthetic 
resin layer. It includes coming to choose a conductive filler out of carbon, metallic carbide, a 
metallic oxide, metal nitride, metal powder, and a metal fiber, including that a volume resistance 
value of the above-mentioned conductive filler is below 0.5-ohmcm. 
[0010] 

[Embodiment of the Invention]Hereafter, this invention is explained in detail. As a metal 
substrate used with the separator for fuel cells of this invention, the sheet metal which consists 
of stainless steel, titanium, aluminum, copper, nickel, and steel can use it conveniently, and the 
range of thickness of 0.1 mm - 1.5 mm is desirable. 

[001 1]The synthetic resin layer which contains a conducting agent at least in one side of the 
above-mentioned metal substrate is covered with the separator for fuel cells of this invention, 
and a metal layered product is formed. As a raw material used for a synthetic resin layer, a 
fluoro-resin or fluorocarbon rubber can use it conveniently from a chemical-resistant point. 
Specifically PTFE (polytetrafiuoroethylene), PFA (tetrafluoroethylene perfluoroalkyl vinyl ether 
copolymer), FEP (tetrafluoroethylene hexafluoropropylene copolymer), EPE (tetrafluoroethylene 
hexafluoropropylene perfluoroalkyl vinyl ether copolymer), ETFE (tetrafluoroethylene ethylenic 
copolymer), PCTFE (polychlorotrifluoroethylene resin), ECTFE (chlorotrifluoroethylene ethylenic 
copolymer), PVDF (polyvinyl idene fluoride), PVF (polyvinyl fluoride), THV (tetrafluoroethylene 
hexafluoropropylene vinylidene fluoride copolymer), VDF-HFP (fluoridation vinylidene- 
hexafluoropropylene copolymer), TFE-P (fluoridation vinylidene-propylene copolymer), [0012]At 
least one or more kinds of the fluoro-resins or fluorocarbon rubbers which consist of fluorine- 
containing silicone series rubber, fluorine-containing vinyl ether system rubber, fluorine- 
containing phosphazene system rubber, and fluorine-containing thermoplastic elastomer can be 
used. PVDF, THV, VDF-HFP, and TFE-P which contain vinylidene fluoride from a point of a 



moldability especially in the resin which illustrated [ above-mentioned J are preferred. 
[0013]lt is necessary to mix a conducting agent to the synthetic resin layer which consists of 
the above-mentioned fluoro-resin or fluorocarbon rubber, and carbon, metallic carbide, a metallic 
oxide, metal nitride, metal powder, and a metal fiber can use it conveniently as a conducting 
agent. 

[0014]As carbon, as black lead, carbon black, expanded graphite, carbon fiber, and metallic 
carbide, tungsten carbide, As silicon carbide, carbonized calcium, zirconium carbide, tantalum 
carbide, titanium carbide, niobium carbide, carbonization molybdenum, vanadium carbide, 
chromium carbide, hafnium carbide, and a metallic oxide, Titanium oxide, ruthenium oxide, indium 
oxide, tin oxide, a zinc oxide, As metal nitride, chromium nitride, alumimium nitride, molybdenum 
nitride, As zirconium nitride, tantalum nitride, titanium nitride, gallium nitride, niobium nitride, 
vanadium nitride, boron nitride, and metal powder, As titanium powder, nickel powder, ***+, 
copper powder, aluminum powder, zinc dust, silver dust tantalum complications, niobium powder, 
and a metal fiber, iron textiles, copper textiles, and a stainless steel fiber can be illustrated. 
Especially in the above-mentioned conducting agent, since it excels in conductivity and acid 
resistance, metallic carbide can use it conveniently. 

[0015]The mixing ratio of the conducting agent in a synthetic resin should just decide suitably 
that the volume resistivity of a resin layer will be 1 or less (based on JIS K 7194) ohm-cm, 
Usually, 40 % of the weight - 95% of the weight of the range is preferred among a synthetic resin, 
the mixing ratio is inferior to conductivity in volume resistivity exceeding 1ohm and cm at less 
than 40 % of the weight, and if 95 % of the weight is exceeded, shaping will become difficult 
easily. 

[0016]The thickness of a synthetic resin layer has the preferred range of 10-300 micrometers, 
and it is easy to produce the problem that a separator becomes thick and the fuel cell by which 
the stack was carried out becomes large in less than 10 micrometers at that in which there are 
few anticorrosion effects to a metal substrate, and they exceed 300 micrometers. 
[001 7]A volume resistance value needs to be further absorbed in the synthetic resin layer of the 
metal layered product which covers a synthetic resin layer at least on one side of the metal 
substrate of the above-mentioned contents with heat pressing etc. in the conductive filler below 
0.5-ohmcm. The volume resistance value of below 0.5-ohmcm (based on JIS K 7194) should just 
be 0.00001 -0.1 -ohmcm preferably, and metallic carbide can use the above-mentioned 
conductive filler conveniently. As metallic carbide, silicon carbide, tungsten carbide, titanium 
carbide, etc. are mentioned. 

[0018]the mean particle diameter of a conductive filler — the range of 0.1-20 micrometers — 
the range of 0.3-15 micrometers is preferably good. There is a problem that it is hard to deal 
with particles finely, and the mean particle diameter of a conductive filler is inferior to 
productivity in them in less than 0.1 micrometer. !f mean particle diameter exceeds 20 
micrometers, a pinhole will occur at the time of devotion to a synthetic resin layer, and there is a 
problem that the acid resistance of a separator is inferior. 

[001 9] Although a conductive filler may be used as it is, it may be made slurry form using a 
solvent etc., or the surface treatment of it may be carried out by surface-active agent, a silane 
coupling agent, etc., and it may create and use a paint. 

[0020]Although the manufacturing method in particular of the separator of this invention is not 
limited, the fluororesin sheet which consists of a presentation which was produced beforehand, 
and which was mentioned above is laid in one side or both sides of a metal substrate, After 
carrying out laminate integration by a heat pressing method, the method of laying a conductive 
filler and a conductive filler being absorbed in the fluororesin sheet surface by a heat pressing 
method further again is preferred from points, such as productivity. The method of producing a 
fluororesin sheet should just be based on the usual extrusion molding and roll diffusion bonding, 
What is necessary is just to also perform the conditions of a heat pressing method in usual press 
condition, cooking temperature [ of 120 ** - 300 ** ], and pressure 2.9x10 6 Pa - a 9.8x10 6 Pa 
(30 kgf/cm 2 - 100 kgf/cm 2 ) grade. Hereafter, although an example is described, this invention is 
not limited to this. 



[0021] 

[Example]Fluoro-resin ("Sumitomo 3M, Inc." make THV220G) 15 weight section and conductive 
filler (product [ made from tungsten carbide "Allied Material" ] WC20) 85 weight section were 
mixed with the biaxial extrusion machine (extrusion machine temperature of 250 **). The 200- 
micrometer-thick conductive fluororesin sheet was created for the above-mentioned mixture in 
roll forming (roll temperature of 240 **). The volume resistance value of the obtained sheet was 

0. 1.ohmcm. The metal substrate used what formed a 20-micrometer etching layer for aluminum 
5052 board (0.5 mm in thickness) by the electrolytic etching method, and laid it in order of the 
conductive fluororesin sheet / etching aluminum 5052 board / conductive fluororesin sheet, and 
laminate integration was carried out by heat pressing processing. Heat pressing conditions were 
performed in pressure 3.5x10 6 Pa (36 kgf/cm 2 ) for the temperature of 200 **, and 10 minutes. 
The conductive filler beforehand slurred by ethanol was applied to one side of obtained resin and 
the metal layered product by the bar coating machine, and it fabricated by heat pressing 
processing. The conductive filler thriller-ized by ethanol was applied by the bar coating machine 
similarly on an another side side, and it fabricated by heat pressing processing. Each heat 
pressing condition was performed in pressure 3.5x10 6 Pa (36 kgf/cm 2 ) for the temperature of 
200 **, and 5 minutes. The conductive filler used the titanium carbide (mean particle diameter of 
1.2 micrometers, volume resistance value 1x10~ 4 omegacm) which came to hand from Allied 
Material. The total thickness of the obtained compound board was 0.86 mm. Using the above- 
mentioned layered product, press working of sheet metal was carried out, the gas passageway 
was formed again, and the separator for fuel cells was obtained. Press conditions were 
performed in pressure 1.8x10 7 Pa (180 kgf/cm 2 ) for a room temperature and 1 minute. 
[0022]The obtained separator for fuel cells had the good adhesive property of the fluororesin 
layer and aluminum board containing the fluororesin layer containing a conductive filler and a 
conducting agent and a conducting agent, and there was no exfoliation. 

[0023]Contact resistance was measured using the obtained above-mentioned separator. 
Evaluation of contact resistance was performed as follows. No.1 sample of drawing 2 showed the 
measurement result 

1 . Measuring device ohm-meter : YMR-3 type (made by the Yamasaki Energy machine research 
institute company) 

Load apparatus: YSR-8 type (made by the Yamasaki Energy machine research institute 
company) 

Electrode: Two plates made from brass (an area of one square inch, mirror finish) 

2. measuring condition method: — 4 terminal method force current: — 10 mA (exchange, 287 Hz) 

open end child voltage: — below 20-mV peak contact-load: -- 0.90x10 5 Pa1.8x10 5 Pa4.5x10 
5 Pa9.0x10 5 Pa18x10 5 Pa carbon paper: — TGP-H-090 (0.28 mm in thickness) by Toray 
Industries, Inc. 

3. It measured with the measuring device shown in measuring method drawing 1 . 
[0024]The contact resistance value of the separator evaluated by the described method was 
shown in the graph of dr aw ing 2. The separator (No.2) which carried out press formation of the 
channel with the conductive fluoride sheet / etching aluminum 5052 board / conductive fluoride 
sheet of the presentation of No.1 sample for comparison was obtained. The resin impregnation 
black lead G347B (No.3) by Tokai Carbon Co.. Ltd. was also evaluated as a comparison sample. 
[0025]Sample No.1 which covered the resin layer containing a conducting agent to the metal 
plate, and engrossed the conductive filler under the surface of a resin layer further as shown in 
the graph of drawing 2, compared with sample No.2 which covered the resin layer containing a 
conducting agent to the metal plate, the contact resistance value with the carbon paper used as 
an electrode material of a fuel cell was markedly alike, became small, and was a contact 
resistance value almost equivalent to resin impregnation black lead of No.3. 

[0026] 

[Effect of the Invention]As mentioned above, the separator for fuel cells of this invention has 
small contact resistance with an electrode, and the availability as an object for fuel cells which 



can operate the long time are excellent in corrosion resistance and it can produce by low cost 
comparatively is large. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1]The schematic diagram of the device in which the measuring method of contact 
resistance is shown. 

[Dra w ing 2]The graph which shows the relation between contact load and a contact resistance 
value. 

[Description of Notations] 

1 : The electrode made from brass 

2: Carbon paper 

3: Separator 
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DRAWINGS 



[Drawing 1] 



[Drawing 2] 
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